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KNOCK-LIMITED PERFORMANCE TESTS OF 2,2,3,4-TETRAMETHYLPENTANR
2,3,3,4-TETRAMETEYLPENTANE, 3,4,4-TRIMETEYL-2-FENTENE, AND
2,3,4~TRIMETHYL,-2-PENTENE 1N SMALL-SCALE AND FULL-SCALE CYLINIERS

By Edriund R, J‘onash, Carl L. Meye:r.', a.nd J'. Robert Branstetter

SUMMARY

Knock-1limited tests were conducted with ¥-4, F-3, and 17.6 small-
scale engines and with a full-scale cylinder on blends contalning the
following purified hydmoar‘bonr .

2 92,35,4 -Tetramsthylpenta.ne
2,3,3,4-Tetramethylpentane
3,4,4-Trimethyl-2-~pentene
2,3,4-Trimethyl-2-pentens

Bach of the four hydrocarbons wes individually blended in various
concentrations with three base fuels: 8S-4 reference fuel, S-4 plus
4 ml TEL per gallon in the final blend, and a blend of §7.5 percent
B-4 plus 12.5 vaercent n-heptane plus 4 ml TEL per gallon in the flnal
blend. Deta were cbtained for the four hydrocarbons to determine the
following antiknock characteristice: (a) plending sensitivity,

(b) sensitivity of the blends to inlet-alr temperature, (c) lead
susceptibility of the blemds, and (d) correlation of full-scale and
small-scale engine results.

From these knock-limited tests of two paraffinic and two
olefinic hydrocgarbons, the following results were obtalned:

In general, the two paraffins — 2,2,3,4~tetremethylpentane
and 2,3,3,4-tetramethylpentane ~— were .effective in increasing the
Imock-1imited performance of the base fuels, particularly at rich
mixtures. In most instances the 2,3,3,4~tetramethylpentane blend
gave the higher knock-llmited performance at rich mixtures.
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With some exceptian, the olefin 3,4;4-trimethyl-2-pentene
increased the knock-limlted performance of the base fuels only at
mild ccnditicnse, and 2,3,4-trimetliyl-2-pentene ected as a proknock
" agent under mosi of the conditions tested.

The knock-limited performancé of the hydrocarbon blends was
ordinarily.mor'e sensitiye to changes of inlet-alr temperature than
the knock-limited performance of the base fuel. At rich mixtures,
the temperature sensltivity of the cleflinlc blends was ccnsiderably
greater than that of the paraffinic blends.

In most cases. the hydrccarbon blends showed greater lead
susceptibility than the base fuel. At the higher inlet-air temper-
ature tested and at lsan mixtures, the paraffins were morse suscep-
tible to lead additicns than the olefins. .

The correlations cf the full-scale and amall-scale engine °
results indicate that the test results agree more closely with the
full-scale oylinder operating at the mecdiflied cruise conditlons. Im
general, the F-3 and F-4 engines rated the hyirocarbcns considerably
lower than the Tull-scele cylinde: and the 17.6 englne somevhat
higher than the full-scale cylinder,

INTRODUCTION

A general investigation to determine the antikmock effectiveness
of additions of pure ccmpounis to alrcraft-engine fuels is being .
conducted by the NACA Cleveland laboratcry. The prcgram includes
tests with F-4, F-3, and 17.8 small-scale engines and a full-scale
aircraft-engine cylinder. The investigation consists in determining:
(2) the blending sensitivity, (b) the semnsitivity of the fuel blends
to changes in inlet-alr temperature, (c) the lead susceptibility of
the blends, and (d) the correlation of full-scale and small-scale
sngline results.

Knock-limited data from tests in a full-scale alrcraft-engine
cylinder and in the F-3 and the F-4 englnes are reported in refer-
ence 1 for eight paraffins and two clefins when blended with a base
fuel., Simllar full-scale--cylinder data for 12 pure aromatic hydro-
carbons are presented in refsrence 2. A summary of the F-4, F-3,
and 17.6 engine data for the 12 aromatics when blended with selected
bage fuels 1s presented 1n refersnce 3. .

Supplies of two pure paraffinic and two pure olefinls hydro-
carbons were suvhmitted tc the FACA by the National Bureau of Stand-
ards for the tests which are presented ln thile report; the tests
were conducted between February and Jqu 1945,
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APPARATUS AND METHODS

tus. - A description of the three small-scale englines used
for the tests 1s glven in reference 4. The R-1820 G200 cylinder
apparatus wvas the same as that used in reference 1 except that a heat
exchanger was installed in the cooling-air duct to control the cooling-
alr temperature and the exhaust system was modified to permit opera-
tlion of the engine either at atmospheric exhaust pressure or at a
reduced exhaust pressure.

_Fuels. - The National Bureau of Standards prepared and furnigh»4
small quentities (8 to 10 gal) of two -pareffins, 2,2,3,4-tetremethyl-~
pentane and 2,3,3,4-tetramethylpentene, and two olefins, 3,4,4-trimethyl.
2-pentene and 2 ,3,4—'l:rimethyl-2-pentene.

The four hydrocarbons were blended lndividually in various con-
centrations with 8-4 reference fuel, S-4 plus 4 ml TEL per gallon in
the final blend, ard a base fuel conslsting of 87.5 percent 8~4 plus
12.5 percent n-heptarne plus 4 ml TEL per gallon in the final blend.

The base fuel used in these tests differs from that used in previous
tests (references 1, 2, and 3) in that only paraffinic compounds were
used. The original base fuel conteined 85 percent 8-3 reference fuel
and 15 percent M-4 reference fuel plus 4 ml TEL per gallon. Because
M-4 reference fuel contalns approximately 8 percent aromatics and does
not meet the requirement of reproducibility of the fuel (reference 4),
this component was replaced by the paraffin n-heptane. Tests on an

F-4 englne showed the base-fuel blend of 87.5 percent S-4 and 12.5 per-
cent n-heptans to be approximately equivalent in knock-limited power
"to the original base fuel.

The reference fuels umed to bra.cket the test fuels in the full-
sca.le-cylind.ar tests were: °

S-4

8-4 plus 0.5 ml TEL per gallon
8-4 plus 1.25 ml TEL per gallon
§-4 plus 2.5 ml THE, per gallon
8-¢ plus 4 ml TEL per gallon

Yest procedure. - An outline of the teats with the 17.6 and the
F-4 engines and the composition of the test fuel blends are given
in the followlpng table:
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Inlet-air |[Hydrocarbon ' TEL in
temperature|lin blend final
Englne (°F) (percent by Base fuel - blend
: volume) . |(m1/gal)
"17.6 250 0,10,20° 8-4 0
100 0,20 5-4 0
250 0,10,20 S-4 4
100 0,20 S-4 4
250 0,25 87.5% S-4 +12.5% n-heptane 4
100 0,25 87.5% S-4 +12.5% n-heptane 4
F-4 225 0,10,25,50|87.5% S-4 +12.5% n-heptane 4

All the hydrocarbon blends were tested in the F-3 engine; oper-
ation of this engine confurmewd to Army specification AN-VV-F-746,
Amendmont-1.

Operation of the F-4 éngine conformed to Army specification
AN-VV-F-748a, Amendment-l, except for the use of two independent
fuel systems and the detection of ¥nock by a magnetostriction pickup
unit used in coninnction with a cathode-ray oscilloscope. .

The 17.6 englne was operated with the following conditions maln-
- talned constant:

. « 1800

Enginespeed,rpm-...c...-.......-....

Compression Y8t10 ¢ « ¢« « ¢ o o o « ¢« s ¢ s « s o o o 6 o 0 o o 1s0
Outlet-coolant temperature, c s s s s ¥ s e e s s u s e e« 212
Inlet-air temperature, °F . « « ¢« o « ¢ 2« ¢« o o o s « =« « +» 100,250
Spark advancs, deg B.T.C. e t e 5 o 8 o m s e s 8 e s s s e s« 30
InJection timing, deg A.T.C. on Intake stroke . « « v+ « ¢« « « « .« 60

In the full-scale cylinder, mixture-resporme curves for leaded
blends of 25 percent by volume hydrocarbon in the base fuel con-
sisting of 87.5 percent S-4 plus 12.5 percent n-heptane were deter-
mined at two operating conditions: (a) simulated cruise conditions
recammended by the Coordinating Research Council, and (b) a modifi-
cation of the CRC crulse conditions. The operating conditions are
a8 follows: :
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CRC crulse Modified
conditions CRC cruise

conditions
Engine speed, rpm ) : 2000 2000 v
Inlet-alr temperature, °F 210 250 -
Compresaion ratio 7.3 ‘7.3
011 £1dw to piston jets, 1b/min 8 8
Fuel temperature agFentrance of '
~ injection pump, 60-80 60-80
Cooling-eir temperature, °F 80 *3 . 80 t3
Spark advance, deg B.T.C.
" (both plugs) 20 30

Exhaust prressure, in. Hg absolute 29 %0.5 15 *0.2
The valve timing for both conditions is:

Inteke opens, dég B.T.C. C h e e

T 1
Inteke closes,deg A.B.C. C e e e e e Y 1.
Exhaust opene, deg B.B.C. . . . . . . . e e e s e e s e . T4
Exhaust closes, deg A.T.C. e e s e e e e s+ + s e s s « . a5

The reduced exhaust pressure for the modified cruise conditions
was chogen because data obtailned at this laboratory lindicate the
exlstence of a critical relation between manifold and exhaust pres-
sures and knock-limited power in the lean reglon where the menifold
pregsure is within +10 or -5 lnches of mercury of the exhaust opres-
sure., The advanced sperk and Increased Inlet-alr temperaturv werwe
chosen in an effort to obtain a more severe operating copdition than
the normal CRC cruise rating.

The cooling-alr flow was determined for each test by operating
the englne at a brake mean effective pressure of 140 pounds per
square Iinch and a fuel-alr ratio of 0.10 and by adjusting the damper
valve 1n the cooling-air line until a rear spark-plug-bushing temper-
ature of 365° F was reached. The cooling-air pressure drop across
the cylinder thus determined was maintained constant for each test.
In order to obtaln coaplete mixture-reaponse curves with the limited
amount of fuel blends available, the speclal procedures described In
reference 1l were used. The reproducibility of the data was checked
before each test fuel run by obtaining four or five knock points
with the fuel blend conslsting of 85 percent 8-4 plus 15 percent M-4
plus 4 ml TEL per gallon.
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RESULTS AND DISCUSSION

Table I is an index of figures showing in detaill the order of
discussing the results obtained for the hydrocarbon blends. The
table presents the blend composition, the englnes, the variable
engine conditions, and the figure nwmbers. Table II compares the
17.6 engine, the F-4, and the full-scale cylinder ratings on the
basis of knock-limited indicated mean effective pressure and the
imep ratio (the ratio of the imep of the hydrocarbons blernd to the
imep of the base fuel). The F-4 and F-3 ratings of blemds contaln-
ing each of the hydrocarbons in various concentrations with the
three base fuels are presented in table ITI. The F-4 data are pre-
sented in terms of percentage S-4 plus 4 ml TEL per gallon in
n-heptane plus 4 ml TEL per gallon and in terms of Army-Navy per-
formance number. The procedure for determining these ratings is
given in reference 5. The F-3 data are presented in terms of 5-4
plus ml TEL per gallon or octane number. Table IV compares the
F-3 ratings, the F-4 ratings, and the full-scale-cylinder ratings
of the hydrocarbon blends in the base fuel consisting of S-4 plus
n-hoptane on the basis of S-4 plus ml TEL, or-percertage S-4 plus
Z ml TEL per gallon in n-heptans plus 4 ml TEL per gallon, and on
the basis of performance number.

Small-Scale-Engine Data

F-4 and F-3 ongine data. - The knock-limited performance of the
base fuel (87.5 porceont S-4 plus 12.5 percent n-heptane plus 4 ml
TEL/gal) in the F-4 engins 1s precaented in figure 1. Thwe rvsultis
for the blends containing 0, 10, 25, and 50 purcont hydrocerbon with
thls base rfuocl are shown In flgures 2, 3, 4, and 5 for 2,2,3,4-tutra~
methylpentane, 2,3,3,4-tetramcthylpontane, 3,4,4-trimothyl-2-pontens,
and 2,3,4-trimethyl-2-pentene, respectively. The test results for
S5-4 reference fuel nlus 4 ml TEL per gallon are included in each
figure. All data in each figure were obtained during a single day.

At fuel-air ratios higher than approxlimately 0,09, the two
paraffine increased the knuck-limited power of the base fuel; for
fuel-alr ratios lower than 0.09, the power was decreassed. A
10-percent addition of elther olefin increassd the perfcrmance of
the hage fuel by a amall amount at fuel-alr ratlos greater than 0.10;
however, 25~ and SO-percent addltions of the clefins guve decldedly
lower power than the base fuel. At lean mixtures the knock-iimited
power was progressively decreased wlth increasing olefinic concen-
tration. This loss in power at lean mixtures was greater for the
olef'ins then for the paraffins. At fuel-alr ratios abovs 0.085. the
50-percent blend of 2,3,3,4-tetramethylpentane gave tho highest
knock-limlted performence and, at all fuel-air ratios, 2,3,4-trimethyl-

2-pentene gave the loweat knock-limited performance of the fuels
tegted.
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Graphs of knock-limited imep ratic agalnst hydrocarbon concen-
tration are presented in figures 6 to 9 for the blends tested in.
the F-4 ‘englne. These data show the comparative effect of the addi-
tion of each of the hydrocerbcns at fuel-alr ratios of 0.07, 0.085,
0.10, and 0.11. At fuel-alr ratios of 0.07 and 0.085, only small
or negu.tive gains were obtalned by additions of thev hydrocarbons.

At fuel-ailr ratios of 0.10 and 0.11, substantial-improvements rela-
tive to thu bage fuecl wers observed with the paraffins at all con-
centrations, but redvctions in the knock limit were observed with
the olef'ins for concentrations groater thspn 10 percent.

Tho F-3 ratings of .the hydrocarbon blends are progented in
table TII,For all the blends tested, the highest .knock-limited power
vas obtuined with the 2,2,3,4-tetramethylpentane additlon and the
lowest with the 2,3,4-trimethyl-2-pentene addition. None of the
hydrocarbons permitted eny significant increese in the knock-llmlted
performance of the bese fuels. The 10~ and 25-percent blends of
2,2,3,4-totremethylpentane in the base fuel conglsting of 87.5 per-
conb S-4 plus 12.5 percent n-heptane were approximately equlvalent
in performance to the dbaso fual a further increase 1n the concen-
tration of thv hydrocarbon resultud in & decrease in knock-limited
porformance. These resultn are comparable with the lean-mixturc
data (f1g. 2) Tfor tests by thu F -4 method.

17.6 ongine data. - Thu knock-limited purformance in the

17.6 englns of blends containing each of the four hydrocarbons 1s
presvntud In figures 10 to 12 for 2,2,3,4-tetramothylpuntane, in
figures 13 to 15 for 2,3,3,4-tetramethylpentane, in figurvs 16 to 18
for 3,4,4~trimcthyl-2-puntene, and in figures 19 to 21 for
2,3,4-trimethyl-2-pentene. For oach hydrocarbon, unleaded and loaded
blends with S-4 and leaded blends with a basv fuel consisting of S-4
plug n-heptany are presentud at inlet-alr tempuratures of 100° F and

2500 F.

In the unleaded blends (figs. 10, 13, 16, aend 19) at the highor
inlet-air toemporature the only incroasves in knock-limlted performance
over the base fuel were obgerved with the two paraffins at mixtures
richer than a fuel-air ratio of approximately 0.08 and with the
olefin 3.4,4-trimethyl-2-pentene at a fuel-alr ratio greater than
0.10. When the inlet-air temperature was lowered to 100° F, the two
paraffins and 3,4,4-trimethyl-2-pentene increased the kmock-limited
power of S-4 at a.ll fuel-alr ratios. At this milder condition ths
2,3,4-trimethyl-2-pentene blend lmproved the perfoma.nce of 8~4 fuel
a‘t‘. mixtures richer than 0.105.

When tetraethyl lead was added to the blends (figs. n, 14. 17,
and 20) the two paraffinic blends increased the knock-limited power
of S-4 throughout the entire fuel-air-ratio range at both lnlet-alr
temperatures. At an inlet-air temperature of 250° F, the only
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increase 1n knock-limited performance of the olefinic blends over

the base fuel was observed with 3,4,4-trimethyl-2-pentene at fuel-~
alr ratios greater than 0.,10. At the lower inlet-alr temperature

3,4,4-trimethyl-2-pentene increased the knock-limited power of the
base fuel at all fuel-alr ratios and of 2,3,4-trimethyl~-2-pentene

at-fuel-alr ratics greater than 0.085.

In leeded blends with the base fuel consisting of S-4 plus
n-heptane (figs. 12, 15, 18, and 21), the two paraffins increased
the knock-limlted power of the base fuel at all fuel-air ratios
and at both inlet-air temperatures. At the higher inlet-air tem-
perature, 3,4,4-trimethyl-2-pentene increased the imock-limited
performance of the base fuel at fusl-alr ratios richer thapn 0.075
end 2,3,4-trimethyl-2-pentenv dvcrvased the performance of the
base fuel at all fuel-alr ratios below 0.10. At the inlet-air tem-
perature of 100° F, the olefins increased thou knock-limlted per-
formance of the base fuel at all fuol-air ratios.

In moat casws the paraffin 2,3,3,4-tetramethylpontano gave the
highost knock-limited performance and in all cases 2,3,4-trimethyl-
2-pentene gave the lowest performance of the hydrocarbons tested.

Figures 22, 23, 24, and 25 present graphs of the varilation of
knock-limited imep ratio with hydrocarbon concentration for the
hydrocarbons blended with S-4 and tested (with and without tetraethyl
lead) in the 17.6 engine. The results indicate the comparative
effect of additlions of each of the four hydrocarbons at fuel-air
ratios of 0.07, 0.085, C.10, and 0.11, as well as the effects of
inlet-alr tempsrature end tetraethyl lead.

The temperature sensitivities are summarized in table Vo In
genoral, the temperature sensitivities, as expressed, ere greater ]
for the hydrocarbon blenda than for the base fuels. As the mixture
was enriched, the temperature sensitivities of the paraffinic blends
approached that of the base fuel and at a fuel-air ratio of 0.11
became squal to or smaller than the temperature sensitivity of the
base fusl. The sensitivities of the two olefinic blends remained
substantially greater than that of the base fuel at all fuel-alr
ratios.

Table VI contalns data on the lead susceptibility of the hydro-
carbon blends. At the higher inlet-alr temperature, the blends of
the two pareffins showed significant increases in lead suscepti-
bility, as expressed, over the S-4 fuel at lean mixtures. The blends
of the two olefins had approximately the same susceptibility as S-4
at all fuel-alr ratlios examined. At the lower inlet-alr temperature,
Increasses in lead susceptibility were observed with 2,2,3,4-tetra-
methylpentane and 3,4,4-trimethyl-2-pentene at lean mixtures and with
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2,3,4-trimethyl-2-pentene at all fuel-alr ratios. The data indicate
that at the higher inlet-air temperature and lean mixtures the
“pdraffins were more susceptible:to. lead additions than the olef lns,

Full-Scale~Cylinder Data

Precigion of teata. -~ The varlation in the knock-limited indi-
cated mean effective pressure of the fuel blend (85 percent S-4 plus
15 percent M-4 plus 4 ml TEL/gal) used. for checkling full-scale engine
conditlons from day to day is shown in figure 26. The symbols indi-
cate the check points obtalned for eech of the represented test
fuels. The dally varlation in englne behavior was comparable with
that in referonce 1 and less than that in reference 2. The complete
curves ghown are averages of -gseveral S~4 plus M-4 mixture-response
curves obtalned at each cumdltion.

Test results. - The reference-fusl Framcwork covering tests at
both engins operating conditlons is presented in figures 27 and 23.
From thcse flguros crope plote were made (fig. 29) to facilitate
converslon of the knock-limited lndicated mean effectiva pressure
of the test fuels to lead ratings. A deflinite lrregularity la
apparent 1n the lcad-susceptibility curve of S-¢ ruference fucl at
the two operating conditions. Tustse mude to chuck this irregularity
gavo ldontical results.

Figurc 30 shows the differesnce in knock-limited performance of
the base fuel used in the present tests (87.5 percent S-4 plus
12.5 percent n-heptane plus 4 ml TEL/gal) and that used in the tests
of references . 1, 2, and 3 (85 percent S-4 plus 15 percent M-4 plus
4 ml TEL/gal) at both operating conditions.

The knock-limited performance of the blends of each of the four
hydrocarbons and the 8-4 plus n-heptane base fuel tested in the full-
scale cylinder is presented in figures 31 and 32. At the mllder
conditions (fig. 31), the two paraffins and 3,4,4-trimethyl-2-pentens
increased the knock-limited puwer of the base fuel at all fuel-air
ratios. The addition of 2,3,4-trimethyl-2-pentene decreased the
knock-limited power in the fuel-air-ratio range from 0.062 to 0.074
and increased the knock-limited performance at fuel-air ratios
between 0.074 and 0.095, and above 0.102. At the more severs con-
ditions (fig. 32), only the two paraffins increased the knock-
limited power of the base fuel at all fuel-alr ratios. The addition
of 3,4,4-trimathyl-2-pentene increaged the performance of the base
fuel at extremely lean mixtures (below 0.063) and at fuel-elr ratios
greater than 0.095. The olefin 2,3,4-trimsthyl-2-psntene decreased
the knock-limited power of tho base fuel at all fuel-alr ratios
groater than 0.057.




10 NACA ARR No. E6CO4

In general, the best knock-limited performence was observed
with the 2,2,3,4-tetramethylpentane blend at lean mixtures, and with
the 2,3,3,4-tetramethylpentane blend at fuel-air ratios higher than
0.10. At all conditions, 2,3,4-trimethyl-2-pentene was the least
offective antlknock additive of the hydrocarbons tested.

Correlation of Smeall-Scale and Full-Scale Englne Results

The correlations of the small-scele-engine data with the full-
scale-cyllnder data are presented in flgures 33, 34, and 35 for
blends containing 25 percent hydrocarbon and 75 percent base fuel
(87.5 percent S-4 plus 12.5 percent E—heptane) plus 4 ml TEL per
gallon. Flgure 33 compares F-4 ratings wlth the full-scale-cylinder
ratings in terms of 1mep ratic. The data indlcate that at e fuel-
alr ratio of 0.07 at both opesrating conditlons the full-scale cyl-
inder gives a higher kmock-limited rating forr the hydrocarbon blends
than the F-~4 engine. At a fusl-alr ratio of 0.10 the F-4 data agree
more favorably with the full -scale-cylinder data at the medif ied-
cruiss conditions (fig. 33(d)).

The 17.6 engine performance, in tcrms of imep ratio, 1s comparsd
wlth the full-scals-cylinder performance in figurs 34. The correla-
tions at the suverse conditions af both englnus are fair and indicabe
a closer agreumeont of the full-gcalu-cylinder results with the
17.6 engline results than with the F-4 results.

Figure 35 prosents th: correvlation of the F-3 performance date
and ths full-scalo-cylinder purformance duta on the basls of per-
formance numbor. Thoe agrewment is closer with the full-scale cyl-
Inder opwrating at the morc severe conditions.

The full-gcale-cylinder ratings, in general, woreo highor than
the F-4 and the F-3 ratings and somewhat lower than the 17.6 englne
ratings.

SUMMARY OF RESULTS

From tests tc determine the antikmock effectiveness of additlons
"of two paraffinic and two olefinic hydrocarbons to selected base
fuels in the 17.6, F-3, and F-4 small-scale engines and in a full-
scale-engine cylinder the following results were obtailned:

l. In mecst Instancea, the two varaffins — 2,2,3,4-tetramethyl-
pentane and 2,3,3,4-tetramethylpentane — were effective in Increasing
the knock-limited performance of the bage fuels, particularly at rich
mixtures. In general, the 2,3,3,4-tetramethylpentane blend gave the
higher knock-limited performance at rich mixtures.
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2. With some exceptlons, the olefin 3,4,4-trimethyl.-2-perntens
increesed- the knock-limited performance. of the bage fuels: only at
mild- cobdttions and 2,3 ,4-trimethyl-2-pentene acted as. a prokuock
agent under most cf the condltions tested.

5. The knock-limited performance of the hydrocarbon blends was
ordinarily more- sensitive to changes of inlet-alr temperature than
the knock-limited performence of the base fuel. At rich mixtures,
the temperature sénsitivity of the olefinic blends was considerably
greater than that of the paraffinic blends.

4. In most cases, the hydrocarbon blemds ashowed greater lead
susceptibllity than the base fuel. At the higher inlet-alr temper-
ature tested and at lean mixtures, the paraffing were more suscep-
tible to lead additions then the olefins.

5. The correiations oif' the full-scale and small-scale engine
results indicate that the test results egree more closely with the
full-scale cylinder operating at the modified crulse condlitilocns.
In general, the F-3 end F-4 engines rated the hydrocarbons consid-
erably lower than the full-sesle oylinder and the 17.6 englne soms-
what higher than the full-scale cylinder.

Alrcraft Englne Research Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohlo.

REFERENCES

1. Jones, Anthony W., and Bull, Arthur W.: Knock-Limited Perform-
ance of Pure Hydrocarbons Blended wilth a Base Fuel in a Full-
S8cale Alrcraft-Engine Cylinder. I - Tight Paraffins, Twc
Olefins. NKACA ARR Fo. FAE25, 1944.

2. Bull, Arthur W., and Jones, Anthony W.: FKnock-Limited Perform-
anco of Pure Hydrocarbons Blended wlth a Base Fuel in a Full-
Scale Alrcraft-Engine Cylinder. II - Twelve Aromatiocs. NACA
ARR Fo. E4I09, 1944,

3. Meyer, Carl L., and Branstetter, J. Robert: The Enock-Limived
Performance of Fuel Blends Contailning Aromatics. IV - Data for
m-Diethylbenzena, l-Ethyl-4-methylbenzene, and sec-Butylbenzene
Together with e Summarization of Data for 12 Aromatic Hydro-
carbons. NACA ARR No. ES5D16e, 1945.



12 " NACA ARR Fo. E6CO4

4. Meyer, Carl L., and Branstetter, J. Robert: The EKnock-Limited
Performance of Fuel Blends Céntaining Aromatics. I - Toluens,
Ethylbenzens, and p-Xylene, NACA AFR No. E4J05, 1944.

5. Meyer, Carl L., and Branstetter, J. Robert: The Knock-Limited
' Performance of Fuel Blends Containing Aromatice. V -
" n-Propylbengzene, n-Butylbenzene, Isobutylbenzene, m-Xylene,
and l-Isopropyl-4-methylbenzene. NACA ARR No. E6CO5, 19486.



13

SO ILNYNOY3Y HOJ 3I3LLINWOD
AHOS IAQY TYNOILYN

E6CO4

001 - (Q)
083 S°0% 63 0g ¥ .| euejdey-u ¥6°3T + $~5 ¥G° LB [-F-4ds) susjued-z-TAy3autal~p*'c‘2Z|(e) 12
001 0z (a)
0s3 g°0F 62 og ¥ ¥-S 02010 suejuad -z-TAyIaWTLL-p*C 2| ()02
001 0z‘o ()
0gz §'0F 623 og 0 ¥-5 oz‘ctéo susjuad -z-TAyrsuial-y ‘3| (e)6T
00T - (q)
082 g°0% 62 og¢ ¥ sueldey-u ¥5° 31 + ¥-§ %¥S°LS $2'0 ausjued-z-TAyjamtal~5‘s*c|(®)BT
001 03‘0 ()
063 S°0% 63 (o] i ¥-S 02‘01‘0 dugjued -z -TAUouIAL-y*pecl(®)LT
001 020 (a)"
0sz $*07 63 o¢ 0 v-S 0z2‘0t‘o susquad-z-TAy3euTIl-#*%*c{ ()91
001 - ()
0g2 8°07 62 o¢ ¥ auejdey-u ¥g*zT + ¥-§ ¥5°L8 $2‘0 | euejuadriyreweasal-Ficiciz((e)gT
001 03'0 (a)
083 S°Cy 62 o¢ 14 ¥-S 02°01‘0 | surjuadriyjowegial-#cic’zi(e)py
001 . 02°0 (q)
0c2 S°03 63 o¢ 0 $-S 02010 | susjusdrAyilswedaiar-yieiczi(e)et
001 - (q)
0s2 §°03 62 og 14 suejdey-u gg*27 + H-5 ¥S°L8 620 | surjuadriyjawed3al-rieziz2)(e)a1
001 020 (Q)
0s2 S°03 62 0¢ 44 : ¥-S 02°0T‘0 | euejuadrfylsuwessdal-y*e*z3‘zi(e)tr
001 0g‘o ()
0c2 g*03 62 o¢ 0 ¥-S . 02°01‘0 | euejuadriyjeweazal-¥*z‘z{(e)ot
(oF3ed Jye-130J 3sujefe dew] pe3jwir-yoouwq) eujdue 9°.LY
gz g°0z 62 S¥ ¥ suejdey~U %¢* JT + b-5 ¥5°48 | 05°S2°01‘0 suoquad~-Z-TAYIAWTIL-b 03 6
5§22 S'03 682 <34 ¥ suezday-u %531 + b-S ¥8°48 | 05°'S3°01°0 suejued~-z-TAYIdUWTIL-%‘5°¢C 8
S22 §°03 63 8 4 ¥ sueiday-u %6727 + v-S %G°L8 | 08°62°01‘0 | auejuadifyjsweasel-picee’s L
S22 S°0z 623 ok 4 ¥ sueiday-U ¥G°37 + -§ ¥5°48 | 08°G3‘01‘0 | suejuadyiujemesial-vic’z’3 9
) (ucjreajuasuco uoqaesodphy jsutede oy3ed dew] peiwilr-yoouy) oujdue y-d
ge3 g°07 62 o3 2 ¥ auesday-U ¥5*37 + ¥-S ¥S°L8 | 05°83°0T‘0 audjuad-g-rAyzemtal-$°g“3 S _
¢33 §°07 62 gy - ¥ atrejday-u ¥G°3T + -5 ¥6°L8 | 06°G2°0T°0 suajuad ~z-1AyromIsL-4‘¥‘c y i
822 g°03 63 s% 7 suejdey-U ¥5°ZT + ¥-S ¥6°48 | 0S°C2‘01°0 | suejuadriyjoweagal-yicéc’s e
g33 §°03 63 =1/ ¥ sueidsy-U ¥6°3T + ¥-S ¥6°.8 | 0S‘c2‘01¢0 | ausjuadTiulswea3dl-$éc*z3 2 |
S22 S°0% 83 Sy ¥ euejday-U ¥G°3T + ¥-5 ¥G° L8 0 |-+=cccocmmmrcccrccceceean 1
(o73ed aje-19ng jsujede dow] pejjuyr-}oouy) eujdua pe-g
. A.mnd A.U.B.m
(do) 34 -ut) 2ep) (oumyoA
aanjedsdusy | eansseuad | soueape (1e3/1w) 18ng sseq £q juasaad) uoqIeo0JpLH aanBy4
are-3etul | ISneuxd | AIedS | peay 1Luzeeajer pualq uy
SUOT3}PU0d eulsuzg uoqaeo0aply

NACA ARR No.

SANTIE NOEHYOOHMAAH ¥0d4 YIVQ DNILNFSIYL SITUMOIL = *I TIEVL



E6CO4

NACA ARR No.

I4

SII11NYNOY3Y ¥O04 3311 INWOD
AYOSIAQY IYNOILYN

J9pulTdo 9Teos-TINJ pue sujdus ¢-4

S¢
JOopUTTAD oTeos-TINJ pue aullus g*.LY ¥o
J2puTTLo e1BOE-TINJ pue sujdus p-4 ¢e
(peaedmod spoyjew autdua) €3[NSSJS 31683 JO SUOTIBTSJIO)
suejued yAyjomea3al-4‘c3y
suejuadriyzomeJalal-ycfefy
- audjued -z-TAUIIWIIL -4 P C
083 ok o¢ ¥ sueidey-u ¥G° 2T + ¥-5 ¥5°L8 ] susquad-z-1Lyjamial-4°g’z 2e
auejuadtiyjamedlal-»°g’a's
suvquad TAyj3sme23al-pigc’'
- ausjuad-z-TAyzaaral-s‘pe
0123 S°0Oy 63 03 14 auejdey-u ¥g° 2T + $-5 ¥C°LB G2 audjued~z-1Lyzautal-p*c*3 1€
053 St o] _ meecemman——a= B —— )
auejday-u ¥ST + ¥~S %S9
012 S°0% 62 03 2 auejday-u ¥g°31 + »-S %G° L8 Q| escecacemcmaeeea eeeeeaac| (®)OC
{oT3ea ate-1ang 3jsujede dowy pPaITWIT-AOOUY) IPPUTTAD areds-TInd
062 S1 o¢ cceeeammemmemm—mmm——mr———==] (Q)
o012 S°0% 63 02 0°% 03 0 19NJ 32ULBISJL P=-S 0 | mecocccmmcocacamncncnccenans| (®)63
(uojzesquasuco peaT 3sutede dewmy pajjwWIy-}oouy) JSpuITLd 3Tedss-TINg
082 ST 0¢ [péstzse t’s oo 19nJ @dousddjed H-§ O] crmcmmccoem e 82
012 g°0% 62 02 |p*s-3’se°1°s*0‘0 19nJ 2ouadajed ¥-§ ) L2
0S2 ST o¢ ()
013 8°0+ 63 0z 14 bW ¥ST + ¥-5 368 0| =--=e-memmemcremnccneeaa~|(®) 92
(o13ed aje-Teng jsujele dowy pe3juIT-AoouUy) JAPUTTLD areIs TN
¥ (q)
001°css §°0% 63 0¢ 0 ¥-5 02010 ausjuad-g-1LujoutaL-% e 3} (€)52
¥ (q)
001052 g*0% 62 o¢ 0 ¥-S 02010 suejusd-g-TAysewtal-5‘sc¢| (e)¥2
14 (a)
ooT‘052 g°0% 62 0¢ 0 ¥-S 02°01‘0 | suejuadriuzameriel-p'e'ea|(e)ee
4 ()
0014093 g°0% 62 o¢ ) ¥-S 03‘0T‘0 | euejuedifyzowedial-5°¢2 3| (e)32
(UOT3BJA3UL0UCD UOQIaed0dpAy jSutede ofjed dawWT peITWIT~-AOOUN) SUTIUS 94T
a AL A.oWh.m ( sumtoa
(do) H *ur) op
aanjvaadway | aunssaad | aousvape (123/1m) Teng ased £q juadagad) uoqaeo0IpkH aanB 1d
dje-18]ul | 3sneuyxd 3J9dS | pgat TAy3eedla] WMNMM M«
suojIIpuUce eujdum ueq PAH

papnyouoc) - SANTIS NOHHVOOHAAH HOJ VIV ONIINISTMd STUNLIL - °I mqm<a.




15

E6CO4

NACA ARR No.

SO LAYNOY3Y 403 33LLIANOD
AHOSIAQY TYNOILYN

*posn sem Te3/TAL Tw § snyd suwidey-U jueszed
(Juadasd g°.g Jo0‘Ted/Tal tw ¥ snid H-5b-S

G*27 snid ¥-§ Jueddad g°L8 ‘sadue3sul Jayjo Tre ul {Te3/TIL W ¥ snid auesdayeu jquesaad gezy snyd pef

sem Tong oseq Y3 ‘aujBus 9 LT QI YITA PaIseq SPUITq Y3 Jo4

= oj3ed deury

otet | we| v | ove] tren| ecd et ued] evi| oce audqjuad -z~ 1Ay dWLIL-H*¢* 2
ST | 092| e2°1| 692] o2*t| ¥ 232°1| 6¥3| sz tv| ¢s2 UdUId -2~ TAYIAUTAL=-H°H°C
82°T | 192| oe°T | Tu2| &43°T | $93 22°t| 13| 321} o0s2 auejuad TAyjemeI3al-3°g?Q’2
93°T | 992] ¥2°1 | 652 #2°1 | 652} 12°t| 9v3| oz°1| s¥a| oot g*07 62| o¢ ¥y SL 0 82 |auejuadiiysawea3al-$*eez'z
90°T | %02| 66° »etT| ¥8° LY ve’ S| ve* 1 auaquad -g-TAyIMTIL-p ‘042
SI*T | 123| or°T | 912] %0°T | G671 10°T| OLY| e6° 891 audquad-z-TAUIIUTIL-$*$'Q
oe°T | 182} 62°1 | 292| 61°T| 223 tr1°T| 48T ¢1°1| ¢81 ouejuad T4yl awes3al-y‘cio‘z
92°T | 1¥2]| se3°t| ue2| 9t°1 | ttE] ottt esr| 2r°T| 181| OS2 $'03 62| o¢ y SL 0 g2 |auejuadriy3owesiag-p’ezz
60°T | 9te} so°t| we] oo°t1| 162 001 | 183| 66° 082 audjuad-z-TAyauTIL-p Q2
8T°1 | $¥s| st°t} ove| or°T| t2g| or°t| eo¢| or'1| 3IC ausjudd-z-TLyawtaz-y*p¢g
61°T | 8ce| 02°T | 9¥¢l 03°T | s¥e| st T} @3¢l L1°T | ea¢ auejusdriyzawed3al-$¢ ez
e1°1 | ece| 12t | ove| T2 | 9wgl sU'T| e2cl sutT| 22| oOOT g*037 62| o¢ 14 0 08 02 |auejuadihyjauesial-ye’3’s
26° 8yZ| ¢8° 92| 8u* setl 18° Y| 18° 391 ausjuad-zg-TAyIauial-y‘e’z
LO°T | LB2| 66° 92| 28° S§33| 26° 16T| c¢6° 881 auajudd -g-Tiyjaugal-p*pée
L2°1 ) oeel va 1| 92¢] sr°t | wegl otr't| 9gzf or 1| 822 auejuad TLyjawesIal-p 00’z
£2°1 | 92¢] 61"t | #1gl ot 1| 992 90°1{ 222] 1| 2312| o082 g°0% 62| oc¢ ¥ 0 08 02 |ouejuadtiyiouedial-$a’z
L6° £92 ¥6° 35%] 63° g 16° £61} 16° 981 auajuad-z-1LY3auTIL-5°c*2
SO°T | 082] TO°Y | B892] L6° Le2] 96° 002} 96° 1) ¢ uajuad -g-1Ayj Il -p*y g
LT°T | SOS| PT°T | 963] 60°T | 4L93] SO0°T | 932} S0°T| 613 auejuad rAyjaweagal-pgictz
TT°T | y62] 60°T | 482 ¥0° T | os2] €o0°1 ] 918 20°1} 402| 0§23 §°0% 62| o¢ ¥ [ 06 01 |auejuadriyjauesial-*¢'z¢e
20°T | 28T} 66° LL] 98° 97| s6° ¢s1] s6° 951 audquad -z-TAyauTIL~p ‘02
02°T | 912| 91°T1 | 902} 80°T | 98T| ¥0°t | 897] s0"T| aul sudjuad-g-TAyjoauTal-p*p‘c
L1 | e2z| L3°1 | 22| 2271 | tr3| et°tT | T8T| LT°T| 16T auequadriylamerial-p ooty
22°T | 12| 13T | 4t2] ST°T | 4617] Oo1°U| 4L} 60°T| eL1| o001 §°0% 62} o¢ 0 0 08 02 |auequadriyjaureaiel-sigizz
68° 31| 28° 01| 8L° stt| 6u° yo1| 6L° ¥ 1 auajuad-z-TAyIauIal-y0*3
90°1T | »8T| 86° L9T]| ¥6° o¥t| ver sat| ce* 03t 2UaqUad~Z-TAYIMUTIL~p ¥ 'Q
L3t | L13] 9t't | esr| Lo° 29T| 96° 821| se* g3t auequad pyjawea3al-p ofos
22°1 | e02] §1°T 001 | 11| 16°0 | 611} 180 | 8IT] OS2 g°0% 62| o¢ [¢] 0 08 02 __|susjuad[Aujawreaial-y e’z's
96° L91| 16° 91| es* SeT| o8° etr| os* 811 duajuad ~Z-TAYIMTIL-5 02
go*t | 281| 001 | 1LI| €8° 19T] ©6° L31| 98° »21 duajuad-z-TAuIMUTIL-¢'H*Q
e1°T | c61| 90°1 | 81| c0°U | st} @6° er| w8 L3T suvjuadriyjewesial-p'eiotz
ST°T | 81| 1U°T | 88| TO'T | 29t| 96°0 | 92r| 96°0 | ¥er| os2 g*0% 62| o¢ 0 0 08 07 [ewejuadiiyjaweazal-3‘efa‘z
eutdue g LT
susjday=u

(341 X3 Y23 K og3ed o13ed otaed juad1ad ¢°31 1ang
v v ® ] e (do) (*sqe [t*0°L'g -

d d 0 sntd ¥=-G |odusasjssjuoqaed

ouy |dawy | dewy|dewmyj|” demy|dewy|  douy|dowy] dawy| doug amgeasd  Fy-uy) 9ap) (1e3/Tw) u:ounwm coie vnm -ouvhm punodwog
N N -wa3 279 2anssaad [soueape peat
11°0. 0T°0 $80°0 L0°0 S90°0 -q3atu1] 3sneyxy | RJeds Tiy3e (aumyoa £q juadsged)
©73%d JjT-1ongd SUOTITpUcD -eJ33], uoyjysodmod puoaTg
$3TNSaT 3897 autdug uoj3isodmwod Tend

SANITE NOBYYOOHQXH 40 SISAL INIONT-QIOHVHOMEINS ~ I IIGVL




E6CO4

SO ANYNOY¥IY ¥O04 3I3LLINWOD
A0S IAQY TYNOILYN

*pasn sea 183/7HL TW ¥ snyd euejdey-U juedsaed g* 2T sn1d p-§ juedsed G-4Q ‘SedoUBISU] J3YIO0 TTe U] f1ed/Tal Tw ¥ snid suejdoy-U jusored g-g1 snid ype§
ang ose 0 dow
= Ool3ed nan«i

quaoged G°L8 JO ‘Ted/T3L Tw ¥ snid p-§ ‘§-S sea [ong sseq oyj ‘suldue 9°,LT 9UI U3Ia V33593 SPuUeTq Iy} Jod *

NACA ARR No.

PU@Tq UOQqQIed0JpLY JO dawy
L9° 17| 83" 88 | 8y sy | og° es | 65 8s ousjued-z-TAYIAMIIL-P*¢43
»8° »oT| 2L 21| 69 88 | 6S° 19 | 99 09 susjuad-z-1Aysamial-p*y’c
94°T | 662| 0S°T | S92} 90°1T | 991| 04° 28 | su v auejuad TLyjowed3al-4°cie'e
6S°T | 892 9¥°T | ¢v3| 88°0 | €€T} S.’0 | 08 [ 08°0 | S4 §22 G'0% 62 | SV 12 0s (4] 0§ |surjuadiiyjeweaial-$’e’z¢z
g6* LeT| 98° SyY1| 3L° 21T| w9° u | 89’ 89 sudqued-zg-TAujemial-p'g’s
L8’ 99T| 18" ¥ST| 68L° 6T1| €4° SL | s&° 89 suajued-g-Tiysomial-séy'‘c
82°T | 4138| ¢2°T1 | 608| 90°T | S91| ¥v8°* g8 | u8° 98 auwjued rLyjomeasel-y'g c'e
#2°1 | 602] 61°T | 66T| $0°T | 651} 88°0 | ¢6 | ¢8°0 | 08 g2z S°0% 63 | SV 12 SL 0 g2 (euejuadriyiamea3al-pécz’s
00°T | 89T| o0°1 | 891} 36° 2¥1| 28° ¥6 | ¥8° 28 suajued-z-TAy3 aWIIL-}‘¢’3
€0°T | 84T| 20°T | €41} 00°T | OST| 48° 06 | u8° 6L audqued-g-TAysomyar-3‘s‘c
11°T | 881] 60°T | SBT| €0°T | 09T| ¥»8° ott| se° ¥6 swejuodAyjomesal-y°g’e’2
oT°T | 81| 80°1 | 08T| ¥Y0°T | 89T| ¢6°C | 66 | 06°0C | S8 §22 g*0F 82 | s¥ 12 06 0 01 |suequadrfyjomes3al-p’ci2‘s
oujBue §-4
»0°T | ec2| oo*1T | 213| s0°1 | 161 96° eST| g6° 0s1 ausjued-z-tLyjemial-»‘e’e
31°T | es2| et 1 | 1¥3| 411 | €13| 3T°T | 6LT| B8TI°1 | 981 suoqued-z-TAyjemial-»'y g
82°T | 882| 43°T | T42] T12°T | 022 ST°T | ¥8T) 12°T | 161 auejuad [LYJeweII@L-$C0 3
22°T | ¥.2| 83°T | su3| 93°1T | 0g3| 02°1 | 261| 221 | €61| 012 §*03 62| 03 ¥y SL 0 gz |ouejuedTLylome3el-p°g 3 e
z6* LLT) LE* 291| ¢e° 11| 88° L31| 16° g2T1 susjuad-z-TAyjzautal-y‘c’z
80°1T | 808 20°1 | 261 86" 29T| s6° LeT| 98° 2eT 3UdUIC -Z-TAYIOWTIL-B Y ‘T
3e°T | £62| 682°1 | 2¥2| 80°T | OBT| ¥YO°'T | OSTI| »0°T | €¥T auejuad TAyj owedI9L-p¢ 00
g2 T | ec2| 23°1 | 833| ¥T°T | 68T} LO°T | ¥ST} LO°T | &4¥T| 0S2 g1 | o¢ y SL 0 g2 |suejuedriyjzeuwesiel-y‘gia‘z
JIpuTTLD 9Te0S-TINJ
euejday-u
od g 31 eng

o1qea o738 20738 @038l 07304 . cneqe jusoI
. ® d wi| dew {do) (*sqe [("0°1°9 sn1d y-g [9ouaae ez uoqaes

demy| dowy daug| deut dewy| dewy dawy| demy dowmy T cn:»mnaa 34 *u1) 3ep) (Ted/1w) quasaad ¢° L8 %-S —oapiH punodwog

N . -ueq Jje|eansseud poueape pe?1
1o () &) §80°0 L0°0 §90°0 -soqur| 3sneyxm | xaedg 16433 (emntoa £q juecasd)
073ed a7e-191d EIENTICE “®d39l, uotatsodues puetd
S3TNS6Jd 3991 aut3uy uojajsodwod rangd

papnTouo) - SANIIA NOEHMYOOHARH 40 SISHL INIDNI-QHOUVHOHI4NS = *11 378V

16




17

E6CO4

NACA ARR No.

:

SJI11NVNOY¥3Y ¥04 3ILLINNOD
AY¥OS 1AQY TYNOILVYN

*(T1e3/TaL T@ ¥+ p-S) Jo Jequnu eousmrojaad X

{1e3

*IBqQUNU SUE3 0,
=JoQuMU 9ouwmloJied vo»aﬂua-ﬂn

*auesday-U ug

y=¢ 93wjueoged 03 Tong 3593 ayj Jo dewy ay3 3I94U0D 03 pPasn eJea p-§ U] SPuUITqQ ausydey-U pepEeT Jo sjord ‘88049 demy teocoxdyool,

LL 9°16o R R R R L el oudjued-z-TAyjemral-4c*z
26 L6, wessccsacecsalccsoccns |ommomnoncann suequad-g-1Ay3mTIL-$'$'C
] 0°86, B e Rl LA L AL et et susquedTAYIomeI30]-¥°Q%Q¢S
96 8°684 tirbdisiuiaitatd Intuishdubduinll intutahtaduiadabiuiud 0 0 08 02 susjuedTAyjome39]-$°¢*2‘3
08, 8° 98, meseemmeceas- ssssemsems-o- suejued-g-TLqiomiIl-$*C’2
96: 8°865 eeecenceso=-= suejuad-z- Ty ewiaL-9*¥‘s
st 8°L8, R suvjuodAylewea3aL-pgic2
96. 8°86, ------ 0 0 06 ot auwejuediyoumriol-3°C2’g
et ov* R e RCLIL I LY EL SRR R ousjued-Z-TAUIMMTIL-p 02
021 ow* sl Bt LS L LI LR ouUIFUSd ~Z-TAUIMMTIL-p*$'¢
1T 138 bt LR e R kbl suvguodryiemwriel-pcfo’y
$e1 0s°1 e B Rt 14 0 08 08 ousjued Ay oumI30l-$'C 3 2
LT | 01°1 sudsjued-z-TLUINWIIL-p e 2
eeT | 08°1 suojued-z-1AyjomTaL-*H¢C
Le1 £8°1 suvjuadriyjemeasal-pégiez
svT | o8°2 s=secrescccec] ccoccnon |onmmnmonanna- y 0 o8 o1 euejued TLyjowea3dl-3°C 3
b L° 18, b $°59 LL 1°99 ausjued-z-TAY3 oMTIL=p 0’2
88 2°96, 16 9°8L 9L 0°99 susjued-z-thysewtal-3‘y’c
901 | ot* 261q 0°001¢ L6 0 LL ousjued U3 smeasel-pCic2
1343 £e°0 SiLlq 0°001< 201 G*6L ¥ 03 0 0s auvjusd tyzourelieL-y o2z
101 go* 001 218 16 8°<L susjued -z-1AYIWIIL-p 0?2
90T ST® SOt 6°58 08 3°eL ausjued -2-TAYIOMTIL-3*p'Q
011 L3* 448 0°L6 S0T ¢ 18 suwjuad{Lyjsme3el-3‘giocz
8T 09°0 1841 2°96 S0T 9°18 4 S&u 0 $2 suejuadThyjomeyol-$¢*z‘2
£11 oy’ Tt §°L8 801 828 susjued-z-TAyjemiar-3*c’2
124 140 911 2°68 YT 8°08 susjued-z-TLYouTIL=-3‘p‘¢
L11 * s21 g°18 (394 2°s8 ouvjusd 1Ay omeIiol-p°Ci0¢2
031 w0 S31 16 601 8'¢o ¥ (o] ] ] 0T suejued TAyIemwalel-$C 3’3
611 £9°0 1333 8*L8 911 g°L8 ¥ 001 0 0 sueldoy-u jueoded g 2T +¥-5 Juedaad g*uB
(3udouzed) (queoaed) weydoy-G
e128/195 ™ ¥ e1¥3/13L 10 3 Jw quedcaed | teng
Joqunu| + suwejdey-u] seqemu | + auesjdey-u g g 2T+ 3ous
soue uj ted/Tal aoue uyp 1e3/ T4l {1e
J8qunu 13 $-S U3 |-JaJeJ| uoqaed pumodwo)
eoue| I T® ~WI10Ja9d ™ ¥ + ¥=5{ -mIoJaad ™ ¥ + ¥-S “muw .zod o' L8 b-s| —oaply
~mIoJIed] + ¥-§ Yo ued1 TAysa (euntoa £q quaored)
-M.H.«u-h e~d sBuiqed p-d ~BJ393] uofjjsodmoo pustd

SANZTE NOEMVOOMAAH J0 SONIIVH €=d ANV p-d - JOFTEVL




E6CO4

NACA ARR No.

I8

SJILNYNOY3IV ¥0d4 3IILLINNOD

AYOS IAQY TYNOILYN

- {*oue
auejdoy~u popewar Jo sjord

3dayeU U] p-5 oFvjuocoded 03 1enJ 3833 9y3 Jo dewl eyl 3.I9auU00 03 posn 3JIIm pe=S UT SPUuslq
ssoad dowy reooadiosy) u

*183/731 Tw $ snid suejdeyeu uy Ted/IdL W § Snyd p-S adequedusd,

POT |¥OT | SOT |90T { SOT [03T |OTIT | OTT | 90T 90T |00T 18 0T ausjuad -~z
TT°0[0T°0| €T°0{91°0| ¥T1°0| 69°0| 63°0( 423°0|9L°0| ST°0| 3" ¥8;| 8" CLe| £0°0 4 S4 0 82 | -TLuzomral-¢°c*s
¢33l | P11 3TT (60T | 80T | 22T |63T | %31 | ¥IT | 83T |SOT (06 90T susjuad=-g
98°0|€¥°0| #$£°0|92°0| T12°0| ¢¥°T| €3* | 06°0| ¥5°0| ST [|6°98,|3°CLe|STO} ¥ SL 0 §2 |-TAulsmial-pépie
4T |SPT | 6TT |STT | 3TT | T¥T |{8€T | OST | 81T | TET |¢bT |SOT |OTI auejuadgAyzou
eT gl LLte| ¥9°0(3P°0| S¢°0| 32°2{ 66°T| S2°1| 19°0| 4ue°*1 o.bmm 2 18g( L2°0 4 SL 0 S2 ~eJI33L~%¢00‘2
o¥1 |8¢€T 83T (STt P11 | 82T | OF1 eeT [ 0eT J€T | T¥T SO01 81T suejuadTAyjau
08°2|66° T} S6°0{LP°0| T¥"O| ¥6° 1| 31°3] ¥S°T|4L23°T| £P 1|23 96g|9° 18| 09°0 ¥ 7 0 S8 -eI33L-¥¢¢ 22
T1T | 311 2Tt |3TT | OTT | #TT | TTT | 40T |80T | 8CT {TIIT |9TT |6TT
¢e*0|9g 0] 6¢°0| ¥e°0| B83°0; £¥°0 1€°0| 6T1°0|32°0| 2230 S LBy |G L8| 2970 ¥ 001 o] o] 1303 ased
TTI°0[{01°0[S80°0} LO°0[S90°0f TI°0|0T*0)SB0°0f LO°0(S90°0] YOTY| useT]
0T38d ate-Tang o73ed Jle-Tany suejday-u
*gqe I *ujl g1 ‘sanssead 3sneyxe jusogad 18Ny
gsneyxa {°0°l°d ,0¢ ojIoydsomie f°5° L€ ,02 3 g*2T + aous
‘ooueape Ageds ¢J 063 ‘oouvape jaeds 4 012 (1e $-§ 3Udd |~I3I5a|uoqaed punodmoy
‘a3anjsaaduway Jje-33TUl faanjegadwta) ITe~39TUl sguq “MWW ) p= | -oapiy
(¢*4L ‘ot13va uopssaadwod fmdx 0002 ‘pdads auidumg) sBuijed =3edq| 1ysze (esumtpoa £q jusoaad)
sBujiea JIpUTTLO-5TROS=-TTNA ¥=o ¢-d| -ea3el uoj3rsodwod puald

[ 2oqumu souwwaogaed ST mox puooes aujy
ul peal TAY3eea3a3 & MOJd 3SITJ 9yl

puw f{pajou se 3dadxs .aaM\da ‘19ng 90uUaLaJIX P=§
*SanTBA JO SMOJ Om3 aJe 3Jayy punodwod yowd np&

SANITE NOHHVOOUAXH 40 SONILYY HIQANITAO-FTIVOS-TINA ANY *%-d ‘C~d J0 NOSIHYANOD - ‘AT AIEVL




19

E6CO4

NACA ARR No.

g0TANBUOIOY J0J ©633Tumo) AIOSTAPY TRUOTIBN

(d 0052 ‘oanqegedmeq a1B-95Tur) orqex dewmy _
(& o001 ‘aqngessdmey ATR-99TUT) OT3BI Caml

(& 5052 ‘aamgsaeduog I18-49TUT) feng s68q Jo douwrp

(I 00T ‘eanjeaedwe] JIB-99TUT) TenJ o88Q Jo deuwg
(d 4062 ‘eanyBiadmwey JITB-90TUT) PUSTqQ UoqIeo0Ipfy Jo daml
(I 500T “eanyBIadwog JXTB-30TUT) PUSTQ UOQIBOOIPAY Jo demt

£37AT378UsE canjexodusy 9AT3BTOH,

OT°T | ST'T 8T°'1| 81T 61°1 suequed-2- TAYIeWIL~% ¢
TT°T | 21°'T ST'T| 12°1 92'1 mcopcmm-m-ﬁhmwomwh%-wqw“m
86° T0°1 L0°T| OT'T 80°1 euequadTLyremsIzel-5‘cfc‘s
86°0 | T0°'T LO'T] OT'T L0° T i Gl 0 G2 | ousjusdiiyjameaynl-#°‘¢izcz
ousydey-u quooxad

00°T | 0C°'T 00°T | 0G°T 00°T ¥ 00T 0 0 G271 sntd %-g jueolad G/
BT'T | %2°T 82°1 | c2°1 221 oUsqUAG -2~ TAYSWIII-F ¢ 2
OT°T | 9T°'1 02°'T| 02'T 81°1 susquad-z-TAYeWTIITI-F‘F¢¢
$6° L6* $0°T | LO°'T 90°1 susqued{Lyromeasal-3‘cécie
L6°0 | 20°T oT'T | T1'T 21T ¥ 0 08 02 | susquadlLyeueilel~%‘c‘a¢2
00°T | 00°T 0C°T | 00°T 00°1 2 0~ 00T 0 190J 9ouals Jad H-S |
GT'I{ 12'T ¢2°1| o2°'1 02°1 auaquad-2-TAYeWTIL-% ¢ 2
cT'T ) 81°'1 ST'T| TU'1 eT°T susquad-z-T1Lygeutal-5‘+ ‘¢
00°T | 60°T 1T ¥2°1 ¢2°1 auejuedriyjsuweael-$‘¢‘c‘a
00°T ] S0°T ST'T | 12°1 02°1 0 0 08 02 | susguadifyjemeiaysl-%‘c 2¢2
00°T | 00°T 00°T ] 00°T 00°T 0 o 30T 0 TonJ 9dousdajod $-S
IT°T | 0T°0 | S80°C | LO°0 | §90°0 surydoy-u{ TONJ

(188 |qusoxad G271 aous

011BI JIIB-TONJ \Hﬁv snid %-8{-I2JeI|uoqIBo
pesT|jueogsd G*.g $-5|-0apLE @zzomaco
£3TATHI6UGS eangeasdweq eaTqefey | [AUI8 (eumtoa £q quedIad)

B Leaqeg, worqrs0dwos

ﬁo.a.m o0¢ ‘soueape Jreds g 0212 ‘sanyeasdwey JUBT000-38T4N0
‘wdx opgtT ‘peeds surSus ‘o, ‘orgex uorsssadmoo feutdus w.wﬂb

STENL FSYd EHL 40 IVEL Ol HALLVIHY

SANFTE NOSIVOOYQXH 40 XITATIISNAS TMOIVEHINAL - A TIEVL




E6CO4

NACA ARR Nn.

20

S0TANBUOISY JOJ
9sqqTmIO) AIOSTADY TBUOCTILEN

Aﬂwm\AmE TU 0 U3TA) PUSTQ uUOqIBOOIPAY jo oTqeX douil _

AHMW\AME Tm § U3TM) pusTq ucqasooxpiy jo orges deur
(1Te3 /T4l TW 0 Y3TM) $-g Jo deur

(Te8/THL TW ¥ YITM) $-5 Jo demg

=£31711q73de0sNS pBAT eATjeIsY,

(183/TdL TW 0 YITH) PUSTQ U0qIeooapAy jo dewmrt
Aﬂmm\qma T ¥ YaTA) PusIq UOQIBOOIPAY JO daWl
LOTT] 90°T | %0°T|{SO°'T | %01 susquad~z-TAYjemIII-F ‘2
g5 | 66" 20°T190°T | SO°T susquad-2-TAYICWIIL-F ‘T ¢
76° | ¥6° 86" | 66° co'T suequedLygomeaial-y‘cic‘a
86°0{ 00T} S0°Tic0°T!| LO'T 08 02 00T ouequsdliyjeusIysl-yec‘e‘e
00'T{ 00T} 00°T!00"T | 00°T 00T 0 00T TonJg 9ouaxe Jod -9
¢t $O'T| 00°T{20°T | €0°°T auequad-g-TAYauIIT-7°¢ 2
16°T| 16°T| 86" | 86° 001 cusqued-z2-TLYrsmTal-% ‘3¢
00°TY{ L0°T | LO°TIST'T | 91°T surqUedTAYAWRIISL-FCc g
TO'T) ¢0°Tf OoT"T{9T°T ! %11 08 02 052 suequedTAyjsumILSI-~-F ‘¢ ‘22
TO'T] 20°T] OO'T{TO'T | TO°T suequed-g-TAYroWIIL-5 ‘¢ 2
00°T| 10°T 8" | 86" 00°1 ousquad-zZ-TAYIWIAT-F ¥ ¢
$O0°T| 80°T| 90°T | 20°T | 80°1 surqued £fyrsuweIoL~-F ¢‘C 2
86°0] 660 $O°T}L0°T | 90°T 086 01 052 surquadAysweaisl-%‘c‘z‘e
nCc 1] 00Tl OO'T{OC'T | 00°1 00T 0 082 T91J 9ouUadsjal $-S
TT°c] 0T°01{G80°C | L1070 |S90°C | TenJ oous|uoqaed (&)
O0T3eI ITe-Tond -JsJex H-g|-0aplfHE oI
K - 3 dm puncduo)
@hpﬂaﬁpﬂpmmomzm peal oATIETOY (sumToA £q jqueoasad) -aadwsq
i uotatscdmo) JIB-387Ul

mo.a.m 0% ‘eoueape yxeds ‘g 212
‘mda gogT ‘peeds eutfue fp°; ‘orlgBa uorsseadmoo foUTTUS 9L

TENA AONTILTY #-S 40 IVHEL OL EATIVIEY

‘sanqeasdrieq JUBTUO0-38T4N0

A

SUNTIG NOEHYQ0dQXH 40 AIIIILETLITOSNS AVEL -~ TATTIAVI




NACA ARR No. E6CO04 Fig

Bo LA R] LEALA Trer TETT Ty T8y Trry LRI Trry Trry LS o
NATIONAL ADVISORY p
COMMITTEE FOR AERONAUTICS p
e F .
®.a o 3
Y | 3
AR FE = -3-- .
Colll: g 5
T 1
S g B i E
s F 4T [ —0— 0 3
o o 4D o NP e B ]
Rk =TT -
DS L1 ]
i e -
£ F ——pt ;

3
o

RN
N

""E”' TvrT

/] 3

: ]

x ]

4"!’; : 4 ]

£t ‘s 5

o [ A ]

b= - ]

¢ E 3

K] ]
n =

ph - .

L Fuel 5

F ]

3 O 87.5 percent S-4 + 12,5 percent E

[ n-heptane + 4 ml TEL/gal 3

o v S-% ]

] b S-U + 0,5 m) TEL/gal 3

) ] 4 S=4 + L4 ml TEL/gal ]

280 ]

- E

o -

x 3

240k - L

F P 7

3 e 3

“ ” 3

- l” -

N
LLLL

b §
Ql

\ N
Y
\\“
?
4
i

'

?' . -] -
T A =T -
a‘-,f' ",:f

LAl

Knock-1imited imep, 1b/sq in.

1 o o .
" 4 3
L - :
xr ]
N, - ]
P -3 A= .
-1113
ITEES FUW) eI FS I TN IR SRR SRR I NN NS SNU S AN TE NN EI SO R NI ANV VI AN EEN UUNES SUENE BEI
.05 .06 .07 .08 .10 .11 S W12 .13

.09
Fuel-air ratio

Figure 1. - The knock-limited performance of 87.5 percent S-4 plus 12.5 percent n-heptane plus
4 ml TEL per gallon in,an F-4 engine.
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Figure 2, - The knock-limited performance of leaded blends of 2,2,3,4-tetramethylpentane and
base fuel consisting of B87.5 percent S-4 plus 12.5 percent n-heptane in an F: engine,
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Figure 3. — The knock-1limited performance of leaded blends of 2,3,3,4-tetramethylpentane and
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Figure 4, - The knock-~limited performance of leaded blends of 3,4,4-trimethyl-2-pentene and a
base fuel consisting of 87.5 percent S-U4 plus 12.5 percent p-heptene in an F-4 engine,
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Fig. 6 NACA ARR No. E6CO4

LABJE R Z5 20 a0 Sn B S SN BN An 20 EB An A A 4 TV Y Tev ey TV vy TVeV TeE vy TE VY TeVvY Ty

s NAT IONAL ADVISORY
[COMMITTEE FOR AERONAUTICS

LA 41

vVY VY
I

ITESNEEENI

Y
I |

- Fuel=-air 5
[ ratl ]
1.6 > o -
g o 0,07 3
s D .085 -
[ o .10 <
g A .11 V//rl,/”> :
- P 4

1.4 : — ;;;T :
s e ]
- -y
(o] P
-t -
+ -
(51.2
| 9 o
Q. -
@ e
=]
- -
'g -
“l.o
Ls -
3 :
.-;4 \ L
™ e
(3 o
g -
< o8 .
% ]
s-77
6 A A4 A d L Akended. A A Al Al A b Adodd Add b Aob b b Add b Aededed d b eddd AAA‘
»

0o 10 20 30 4o 50
Percentage 2,2,3,U-tetramethylpentane in a base fuel consisting
of &7.5 percent S-U plus 12.5 percent n-heptane

Figure 6. - The blending sensitivity of 2,2,3,4-tetramethylpentane
in a base fuel consisting of 87.5 percent S-U plus 12.5 percent
n-heptane, F-U4 engine; final blends leaded to 4 ml TEL per

Eal lon.




NACA ARR No. E6CO4 Fig, 7

Knock-1limited imep rattio

s NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC

Yv'vvvvvtvvvriuvvvsl'vv' L 20 A0 e \ BB AN BASRI TV vV YTV VY LA AAS BEREE]

Alad

T
LAl

vy
Lo d

Tl EEEN

1.8 > -
[ Fuel-air //A ]
f ratio ]
[ 0 0.07 / p
1.6 | 0 .085 / :

L A L1111

AL A A

\|

AL A A

LAAd

Aalt il st

LA A b

Lgn 2 an ¢
A A A

.8

* --~-§~*k~‘3a$
: s-76§

.6 .llll . A A Al b b A I | A A 4 4 LA 4 401 2 42 2 2 4 & 4 LA 4l LA A L
10 20 . 30 ko 50
Percentage 2,3,3,4-tetramethylpentane in a base fuel consisting
of 87.5 percent S-U4 plus 12.5 percent n-heptane

™
hed A

Figure 7. - The blending sensltivity of 2,3,3,U4-tetramethylpentane
in a base fuel consisting of &7.5 percent S-4 plus 12.5 percent
n-heptane. F-U4 engine; final blends leaded to 4 ml TEL per

gallon,




F

Knock-limited imep ratio

ig. 8 NACA ARR No. E6CO4

A0 L S0 A BN Sh AN B BR 20 A BN S BN A A 2 Ty TV ¥ Te UV Te vy T Iy TOTY TevYyY LS

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

L ha

v
I

. 3

[ Fuel-alr .

5 ratio L

© 0,07 ]

- o ,085 .

o o .10 -

! A W11 3

l.2 | ]
! 3

reve |

/
{1/l

=
A
/
7))

NN ~]
I ~
.6 \

3 s-7§
.u% b Adodh. A 2 al a2 2 o A A b LAl bt d Ad b ) a2 4 2l o 2 & &0 A & L4 Wl bebekad)
o 10 20 30 Lo 50

Percentage 3,4,4=-trimethyl-2-pentene in a base fuel consisting
of 87.5 percent S-4 plus 12.5 percent n-heptane

Figure 8, — The blending sensitivity of 3,4, 4-trimethyl-2-pentene
in a base fuel consisting of 87.5 percent S-U plus 12.5 percent
n-heptane, F-U engine; final blends leaded to 4 ml TEL per
Eallon.
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Figure 9., - The blending sensitivity of 2,3,4—trimethyl-2-pentene
in a base fuel consisting of 87.5 percent S-4 plus 12.5 percent
n-heptane. F-4 engine; final blends leaded to 4 ml TEL per

gallon,
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Figure 10. - The knock-limited performance of unleaded blends of 2,2,3,i-tetramethylpentane
and 3-U reference fuel in a 17,

engine.

Compression ratio, 7.0; engine speed, 1200 rpm;
spark advance, 30° B.T7.C.; outlet-coolant temperature, 212° F,
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Figure 11. - The knock-limited performance of leaded blends of 2,2,3,4-tetramethylpentane and
[ reterense fuel in a 17.6 engire. Compression ratio, 7.0; engine speed, 1800 rpm; spark
advance, 30° B,T,C.; outlet-coolant temperature, 2129 F,
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Figure 12, - The knock-limited performance of leaded blends of 2,2,3,4-tetramethylpentane and

a base fuel consisting of 87.5 percent S-4 plus 12.5 percent n-heptane in 2 17.6 engine.
Compression ratio, 7.0; englne speed, 1800 rpm; spark advance, 308 B.T.C.; outlet-coolant

temperature, 212° F.
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Figure 13. - The knock-limited performance of unleaded blends of 2,3,3,4-tetramethylpentane
and 8-4 reference fuel in a 17.6 engine. Compression rat18, 7.0; engine speed, 1800 rpm;
spark advance, 30° B,T,C.; outlet-cooclant temperature, 212° F,
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Figure 15, - The knock-limited performance of leaded blends of 2,3,3,4-tetramethylpentane and a
base fuel consisting of 87.5 percent S-4 plus 12,5 percent n-heptane in a 17.6 engine.
Compression ratlo, 7.0; euglne speed, 1£00 rpm; spark advance, 30° B.T.C.; outlet-coolant
temperature, 212° F,
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Figure 18, - The knock-limited performance of leaded blends of 3,4 ,4-trimethyl-2-pentene and
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Figure 20, - The knock-limited performance of leaded blends of 2,3,4-trimethyl-2-pentene and
4 reference fuel in a 17.6 engine. Compression ratio, 7.0; engine speed, 1800 rpm; spark
advance, 30° B.T.C.; outlet-coolant temperature, 212° F,
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Figure 21. - The knock-limlted performance of leaded blends of 2,3 ,4=-trimethyl-2-pentene and
a base fuel consisting of 87.5 percent S-U plus 12.5 percent n-heptaQe in a 17.6 englne.
Compression ratlo, 7.0; engine speed, 1300 rpm; svark advance, 30° B,T.C,; outlet-coolant
temperature, 212° F,
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Figure 26, - Reproducibility of knock-limited indicated mean effective
pressure with check runs. Fuel, 85 percent S-=4 plus 15 percent M-l
plus 4 ml TEL per gallon. (Symbols correspond to those in figs. 31
and 32 and indicate the check points for the test fuels.) The mixture-
response curves shown are averages of several complete curves and do
not include the check points. Full-scale cylinder; compression ratio,
7.3; engine speed, 2000 rpm,
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Figure 27. - Reference-fuel framework at an inlet-alr temperature of 210° F, a spark advance of
20° B.T.C., and an exhaust pressure of 29 + 0.5 inches of mercury asbsolute. Full-scale cylinder;
compression ratio, 7.3; englne speed, 2000 rpm; cooling alr adgusted at 140 bmep and 0.10 fuel~
air ratio to give a rear spark-plug-bushing temperature of 3656 F,
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Figure 28. - Reference-fuel framework at an inlet-air temperature of 250° F, a spark advance of
30° B.T.C., and an exhaust pressure of 15 inches of mercury abeolute. Full scale cylinder;
compression ratlo, 7.3; engine speed, 2000 rpm; cooling air adgusted at 140 bmep and 0.10 ruel-
air ratio to give 2 rear spark-blug-bushing temperature of 365
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Figure 30, - Comparison of knock-limited performance of the base
fuel used in present tests (&7.5 percent S-4 + 12,5 percent
n-heptane + 4 ml TEL/gal) and the original base fuel (85 perecent
B-4 + 15 percent M-L + L ml TEL/gal). Full-scale eylinder;
compression ratio, 7.3; englne speed, 2000 rpm; cooling air
adjusted at 140 bmep and 0.10 fuel-air ratio to give a rear
spark-plug-bushing temperature of 365° F,
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Figure 31. - The knock-limited performance of leaded blends of four pure hydrocarbons and a

base fuel consisting of 87.5 percent S—koplus 12,5 percent n-heptane at an inlet-air temp-

erature of 210° P, a spark advance of 20

seale cylinde
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Figure 32. - The knock-limited performance of leaded blends of four pure hydrocarbons and a
base fuel cons&sting of 87.5 percent 3-4 plus 12.5 percent n-heptane at an inlet-air temp-

erature of 250

mereury absolute. Full-scale cylinder; compression ratio, 7.3%; englne speed, 2000 rpm;
cooling air adjusted at 140 bmep and 0.10 fuel-air ratio to give a rear spark-plug-bushing

temperature of 365° F,

F, a spark advance of 30° B,T,C,, and an exhaust pressure of 15 inches of
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